In the course of our recent studies' on hypothermia we observed constantly in rats the edema described by J. B. Hamilton,' as well as the condition of deep narcosis with near or complete loss of reflexes when these animals were chilled to 16°C. There was also evidence of hydremia on rewarming similar to that found in monkeys. It was not apparent whether the hydremia is relative or absolute, that is to say, whether the plasma as a whole loses protein, or gains water. Assuming the latter to be the case, it was thought that general neuro-muscular stimulation, as is the case with a convulsant poison, might serve to withdraw the excess fluid from the blood stream and interstitial tissues into the cells, and in this way promote the recovery of the animal under warming-up conditions.
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We have, therefore, made a pharmacological approach to the matter of recovery from deep hypothermia. Beginning with the convulsants strychnine, caffeine, and beta-tetrahydronaphthylamine we proceeded, following the lead suggested by the drug last mentioned, to test other sympathomimetic substances. Next, following Woodruff,4 digitalis preparations were used, and finally an alleged antagonist of hibernation,2 atropine sulphate. Procedure Albino rats were tied in a prone position over a one-eighth inch copper coil about the length of the torso. Through this coil was circulated continually water at 7°C., the whole procedure being carried out in a room at 3 to 4°C. In this way a rat's body temperature could be reduced to 16°C. in about 50 to 60 minutes.
As soon as each rat reached as near 16°C. as possible, it was removed to a constant temperature room at 28°C. for warmth, and for a study of the recovery process. Each study was made with a pair of rats, to one of which a drug was usually given at this point. During recovery particular attention was paid to the general behavior of each rat, and to reflexes and the subcutaneous edema of the head. When the rat's temperature had returned as far as 30°C. the animal was always killed, and a sample of heart blood, usually mixed arterial and venous, was secured. The serum was tested for chloride by the method of Van Slyke and Sendroy, and for specific gravity by the falling-drop method.
Results
Undrugged Control Rats: The behavior of a typical chilled control rat, to which no drug was given, is illustrated in the protocol of rat No. 4 which follows: March 4, 1943 The marked edema of the face persisted to the end in 8 of 16 such rats. Six others exhibited marked edema for an average of 69 minutes in the warm room, while in the other 2 the edema never progressed so far as to produce the characteristic cone-shaped head. These effects are illustrated at the top of table 2.
The control undrugged rats are compared in table 2 with those given the drugs listed in the first column; the second column gives the doses; the third column shows the number of rats in each series (where the data do not include the whole series the number of rats used is given in parentheses); in the fourth and fifth columns are the average blood determinations at the time of death; in the sixth column persistence of marked edema means the average number of minutes, after removal from the coil, at which edema began to recede; the seventh column gives the number of minutes, after removal from the coil, required for the attainment of a rectal temperature of 30°C., while column eight gives the average number of minutes in each series required for complete recovery of the righting reflexes.
In the serum of monkeys we reported' that exposure to the cold room without loss of reflexes increased the serum chlorides and specific gravity, respectively, by 4.1 and 5.1 per cent, while chilling to the point of narcosis caused reversals of 3.6 and 4.1 per cent, respectively. The rewarming process yielded a continuation of the hydremia by a further reduction of chlorides by 2.7 per cent, and of proteins by 8 per cent. In rats the same trend toward marked hydration on rewarming will be seen in table 1. In the case of the rats the difficulties of sampling allow only one determination in each animal, but the anhydremia with subsequent reversal may be considered established. Hypothermia and Drugs: It is perhaps difficult to give, from table 2, an evaluation of the effects of the drugs on the chilled rats, but the shortness of the edema with the two drugs, beta-tetra and ephedrine as compared with the control was the most striking feature. It will be observed that even in those undrugged animals in which the increased edema did not persist to the end, it lasted for an average of 69 minutes as contrasted with 58 minutes for beta-tetra, and 45 minutes for ephedrine. The beta-tetra rats also always made a striking contrast to the respective controls in the matter of recovery of righting reflexes. Beta-tetra rats would be seen sitting up with "streamlined" face beside a control with a cone-shaped head, lying flat. Beta-tetra being a sympathomimetic amine as well as a convulsant, it was thought that the sympathetic feature might be of importance in the acceleration of the disappearance of the edema, and in the recovery of righting reflexes, hence we proceeded to test other sympathomimetic amines, ephedrine, adrenaline, and tyramine, of which the more centrally stimulating ephedrine was the only one giving encouragement. Further results from the drugged rats listed in table 2 will now be given in detail.
Strychnine. On different days each of two rats was given strychnine sulphate subcutaneously in' a dose of 0.1 mg./100 gm. (about one-third of the fatal dose). After removal from the chilling coil to the 280 C. room, the behavior of these animals was characterized by tremors, restlessness, and marked increase in reflex excitability of the limbs. Both acquired the cone-like edema of the face from which there was no recovery. One of the two animals finally recovered its righting reflexes (table 2). It was concluded that strychnine does not aid substantially in recovery from deep hypothermia.
Caffeine. On different days each of three rats was given caffeine subcutaneously in a dose of 10 mg./1 00 gm. After removal from the chilling coil to the 280 C. room one of these rats died 24 minutes after injection after recovery to only 200 C. One of them showed greatly heightened reflex irritability with some degree of convulsive movement. The facial edema was very marked in the two rats which survived to 300 C., but only slight in the other. All three recovered the righting reflexes.
Beta-tetra. Beta-tetrahydronaphthylamine hydrochloride in a dose of 5 mg./1 00 gm. was given on different days to 4 rats, each with a control undrugged animal. These rats were slow in recovering sensitivity to tapping of the limbs, but one of them exhibited convulsive tremors that were very marked at times. Two others showed slight tremors of the limbs. The average time of recovery of righting reflexes was 50 minutes, four of the most rapid recoveries of the entire experimental series. Two of the 4 rats developed a tendency to sprawl. A characteristic effect of beta-tetra was for the edema of the face to begin to subside at a relatively early moment. The thinning out of the face with the early recovery of righting reflexes made this drug appear more favorable to recovery from hypothermia than did either the warm room alone, or the two previously studied convulsants.
Ephedrine. In all'three ephedrine rats the marked cone-shaped edema ceased after less than 50 minutes, but the drug was less satisfactory with respect to recovery of righting reflexes. The central effect of ephedrine was further seen in rather early recovery of flexion reflexes and some tendency to tremors.
Adrenaline and Tyramine. Only one experiment was performed with each of these. The only encouraging result was the early recovery of righting reflexes after tyramine.
Digfoline and Tincture of Digitalis. Although digitalis has been said to aid in the recovery of dogs from hypothermia the use of these preparations in rats gave no encouragement.
Atropine sulphate. Atropine sulphate had little or no effect upon the activity of the rat as compared with the undrugged control. The edema remained practically uninfluenced. Discussion The data on the sera show dearly that normal rats respond to rewarming after deep hypothermia in the same manner as do monkeys, that is, by a marked reduction in the concentration of both proteins (as shown by specific gravity) and chlorides. This hydration has not yet been interpreted, but we might assume that it is associated in some way with the edema. Some release of water from the cells is indicated by the low chloride figure, but the edema suggests the escape of protein from the plasma. Throughout the whole series of drug experiments there is nothing to indicate a correction of the low chlorides of hypothermia, but it is of interest to note a considerable specific gravity change after some of the drugs, including an approximate 8 per cent increase after strychnine and caffeine. The two drugs most successful in reducing the edema produced no significant effect upon the serum protein, the specific gravity after beta-tetra being 1.0264 and after ephedrine 1.0266 . Ephedrine apparently decreased the chloride figure still further to 96.8. The results with beta-tetra and ephedrine appear to indicate that the edema and plasma hydration were unrelated, since, under rewarming, the edema, but not the hydration, disappeared.
Criteria of Improvement. A criterion of the most useful quality in a drug for aiding in recovery from the effects of hypothermia is difficult to select. We do not know which one of the four following effects of hypothermia to consider as the most important in the matter of treatment: (1) low temperature; (2) edema; (3) neuro-muscular prostration; (4) blood hydration.
(1) The most rapid rate of temperature increase was seen in the case of strychnine where one rat recovered to 30°C. in 40 minutes and another in 80, these effects being accounted for by the excessive muscular activity. Beta-tetra, adrenaline, tyramine, and tincture of digitalis all appeared to accelerate the temperature rise to 300 C.; 88, 89, 92, and 86 minutes, respectively, being required as against 94; the average in the undrugged rats.
(2) As regards the second criterion, anti-edemic influence, betatetra and ephedrine stand supreme. Marked edema persisted to the end of the experiment after all other drugs, and in half of the undrugged animals, while it lasted to the 69th minute of the rewarming period in three-eighths of these rats. The end of marked edema for beta-tetra was the 58th minute, and for ephedrine the 45th minute.
(3) Recovery from neuro-muscular prostration was judged by the return of the righting reflexes. The average time of this response was 60 minutes for the undrugged animal. In one strychnine animal recovery was noted at the 55th minute of rewarming, but the other rat receiving this drug did not recover at all. Similarly, the two caffeine rats differed, one recovering at the 65th minute, and the other not at all. Beta-tetra again showed superiority, the average for 4 rats being 50 minutes. This was the best figure except for one rat with tyramine at 45 minutes, and one with atropine at 49 minutes. In spite of its presumed central nervous stimulation the 3 ephedrine rats showed the poorest average, namely, 77 minutes.
(4) The disappearance of plasma hydration has been discussed and it was pointed out that strychnine and caffeine appeared superior in this respect while beta-tetra and ephedrine, the anti-edemic drugs, appeared ineffective.
It would seem that complete recovery from neuro-muscular prostration with the capacity to sit up and move about naturally, is the most desirable goal of therapy for hypothermia. In its attainment beta-tetra ranked high, and since it also appeared second best against edema, it is regarded as the drug most worthy of further study. Conclusions 4. Strychnine and caffeine appear to be unsuitable for the treatment of deep hypothermia because of the persistence of marked edema after large doses.
5. Beta-tetrahydronaphthylamine, among all the drugs used, best facilitated recovery from hypothermia in rats. It hastened the recovery of righting reflexes and the disappearance of edema.
6. Ephedrine reduces edema earlier in the rewarming period than does beta-tetra, but it is inferior in other respects.
7. Adrenaline, tyramine, digifoline, tincture of digitalis, and atropine were not encouraging because of the persistence of marked edema.
